###### Strengths and limitations of this study

-   The use of numerous Medicare claims datasets results in redundancy of information to ensure accuracy of exposure (surveillance testing) information.

-   The use of the Surveillance, Epidemiology, and End Results-Medicare database which contains a large number of colorectal cancer cases with extensive follow-up information, overcoming the sample size and power limitations of previously conducted randomised controlled trials.

-   The use of a representative US cancer patient population which will allow an examination of the effectiveness of surveillance testing reflecting the wide range of surveillance testing received in real-world clinical settings.

-   This is an observational study and thus, the lack of patient randomisation according to receipt of surveillance testing could introduce bias by unmeasured confounding.

-   The use of an older, Medicare population may not be generalisable to younger patients with private health insurance.

Introduction {#s1}
============

Approximately 9% (n=1 452 040) of the estimated 15.5 million cancer survivors in the USA are patients surviving colorectal cancer (CRC).[@R1] Although the CRC mortality rate has substantially improved over the past several decades,[@R2] tumour recurrence after curative treatment is high. To wit, up to 13% of stage I[@R3] and approximately 40% of stage II/III[@R4] patients will experience a recurrence. The primary goal of CRC surveillance testing is to improve survival 'with the hope of providing a better outcome than if recurrence had been detected later as a result of symptoms'.[@R6] According to the National Comprehensive Cancer Network (NCCN), surveillance testing in CRC survivors consists of: physical examinations, carcinoembryonic antigen (CEA) blood tests, CT scans and colonoscopy.[@R7] Despite high consistency in testing recommendations between guideline issuing groups,[@R7] adherence is poor[@R11] which increases morbidity and potentially, mortality.[@R14] Thus, efforts to increase adherence to surveillance guidelines appear long overdue. However, some clinicians have questioned the evidence base supporting surveillance recommendations. In 2007, two independent meta-analyses of randomised controlled trials (RCTs), which included nearly identical studies, concluded that more intensive surveillance improves overall survival (OS), but better cancer-specific survival (CSS) was not demonstrated.[@R16] However, only two older, smaller RCTs evaluated this outcome.[@R4]

Since the publication of the two aforementioned meta-analyses in 2007,[@R16] two additional meta-analyses were published in 2016, one by the same authors as the previously published report.[@R19] Both of these more recent meta-analyses concluded that more intensive surveillance in patients with CRC does not improve survival (neither OS nor CSS). As noted, this conclusion by Jeffery *et al*[@R19] was a reversal of their earlier position on CRC and OS.[@R16] One limitation of the meta-analyses that have been published on the topic concerns the heterogeneous surveillance strategies adopted by the included RCTs, which makes combining study results problematic. For example, in the RCT by Wang *et al*,[@R21] Patients with Dukes' stages I--III CRC were followed after radical surgery. Both groups received intensive surveillance consisting of clinical examination, CEA testing, chest X-ray and liver imaging (via CT or ultrasound). In the control group, patients received colonoscopy at 6 (if not done preoperatively), 30 and 60 months whereas in the intervention group, patients received colonoscopy at every visit. Colonoscopy can only detect intraluminal recurrence or metachronous tumours with no ability to detect metastatic disease.[@R14] Thus, although there appeared to be some benefit of more frequent colonoscopic testing (higher detection of asymptomatic cancers and reoperation with curative intent) there was no significant OS benefit. In the Gruppo Italiano Lavoro per la Diagnosi Anticipata (GILDA) study, Rosati *et al*[@R22] failed to detect a survival advantage for more 'intensive' surveillance in patients with CRC. As we pointed out in a letter to the editor,[@R23] patients in the control arm of this study actually received intensive surveillance testing and patients in the intervention arm received additional testing beyond that recommended by guidelines which could be described as overtreatment. As a final example of problematic inclusion of heterogeneous RCTs in the aforementioned meta-analyses, there were two studies[@R24] in which both control and intervention groups received identical surveillance testing schedules, but the studies compared delivery by type of provider: either surgeon versus nurse[@R24] or surgeon versus general practitioner.[@R25] There was no survival difference in either RCT although in the meta-analyses, surgeon follow-up was considered part of the 'intensive' surveillance group. These examples highlight problems concerning the comparability of RCTs combined in meta-analyses which limits the ability to draw broad conclusions concerning the potential survival benefit of post-treatment surveillance testing.

The highest quality RCT on the issue of surveillance testing was conducted by Primrose *et al*[@R15] in the Follow-Up After Colorectal Surgery RCT, conducted in the UK. This study revealed that surveillance with CEA/CT increased the likelihood of curative resection by three times compared with standard follow-up care, but no differences in survival were indicated.[@R15] There are at least two potential reasons for these null results. One, clinicians of patients in the minimal follow-up group could request CT scan of the chest, abdomen and pelvis at 12--18 months which can detect locoregional and metastatic recurrence. Nine out of 37 patients with recurrence in the minimum follow-up group had scheduled CT testing which positively identified the recurrence. A second reason for the lack of a survival difference in this trial is due to improvements in the treatment of primary and recurrent CRC due to surgical advances, improved chemotherapeutics and combined therapy with biologics. The implication of this is that patients would have to be followed for an extensive length of time in order for enough deaths to occur to detect a survival benefit, a limitation that Primrose *et al*[@R15] acknowledged. This also relates to a statistical power issue of RCT designs in general, whereby it is usually cost prohibitive to enrol enough participants and follow them for a sufficient length of time to observe sometimes clinically meaningful, but relatively small survival benefits that reach statistical significance. It should be noted that the ongoing, multicentre Assessment of Frequency of Surveillance after Curative Resection in Stage II and III Colorectal Cancer (COLOFOL) trial aims to overcome the statistical power issue of previous RCTs. This trial is the largest of any RCT conducted on the issue of CRC surveillance having enrolled 2509 participants.[@R26] While not without their own limitations, observational epidemiological studies can overcome statistical power issues while providing evidence on the comparative effectiveness of surveillance testing reflecting what patients actually receive in real-world clinical settings.

Due to the limitations of the RCTs described above and the lack of definitive evidence to inform clinical guidelines on this issue, there is currently debate regarding the optimal frequency of surveillance testing and even if it should be done at all.[@R19] Observational comparative effectiveness research (CER) using the Surveillance, Epidemiology, and End Results database combined with Medicare claims (SEER-Medicare) is ideal to provide evidence to physicians on this highly important clinical issue while overcoming the limitations of RCT designs.[@R27] In this protocol manuscript, we describe our ongoing retrospective, comparative effectiveness cohort study of the SEER-Medicare database. The gap in knowledge that this study will address concerns whether adherence to NCCN CRC surveillance guidelines[@R7] improves survival for a broad population of older patients with CRC. We will assess whether the frequency of testing in the current guidelines is the optimal strategy or if less/more testing achieves worse, equivalent or better outcomes. We will also evaluate specific test components which make up the guidelines and the association with CSS and OS. Secondarily, we will assess the association of sociodemographic and clinical characteristics of CRC survivors with the likelihood of receiving surveillance testing that is adherent with guidelines.

Methods and analysis {#s2}
====================

Study design and population {#s2a}
---------------------------

A retrospective cohort design will be used for this CER study. Cases of colon and rectal cancer diagnosed between 2002 and 2008 and reported to the SEER-Medicare database are eligible. We have the following inclusion criteria:CRC cases must have the following International Classification of Diseases for Oncology Edition 3 (ICD-O-3)[@R29] topographical codes corresponding to their diagnosis: C18.0, C18.2, C18.3, C18.4, C18.5, C18.6, C18.7, C18.8, C18.9, C20.9.Cases must be classified within disease stages I--III.Cases must be between 66 and 84 years of age at diagnosis.Cases must be continuously enrolled in Medicare parts A and B from 13 months before diagnosis to at least 12 months following treatment completion.

Cases will be excluded from the study if:They had a previous cancer diagnosis.They had more than one primary tumour at diagnosis.They were diagnosed with a second primary tumour before completing treatment.Tumour histology is other than adenocarcinoma.They had managed care coverage at any time during the follow-up period.There is no evidence that they received surgery as treatment for their cancer.They received treatment outside of standard time frames.They died within 1 year following the completion of treatment.

The rationale for excluding patients who died within 1 year of treatment completion is to eliminate the potential for immortal time bias.[@R30] In order to be exposed to surveillance testing, patients had to survive for a certain period of time to undergo testing and live long enough following the completion of treatment for surveillance testing to be considered part of the causal pathway in survival. For example, it could be argued that patients who died of cancer within 1 year of completing treatment were never disease free and therefore, any surveillance testing that occurred would not be predictive of CSS. Surveillance testing is appropriate only if the patient underwent curative treatment with no evidence of disease at treatment completion.

Patient and public involvement {#s2b}
------------------------------

This study is informed by the literature concerning patients with CRC likelihood of receiving surveillance testing that is adherent to treatment guidelines,[@R11] predictors of receiving surveillance tests[@R33] and previous studies addressing the relationship of surveillance testing with survival.[@R4] As this is a retrospective cohort study of SEER-Medicare data, the patients included in this study were not involved in the study design nor were they recruited. Furthermore, as we do not have individually identifiable information on CRC cases included in this study, study participants will not be notified of the study's results.

Disease stage {#s2c}
-------------

CRC cases will be classified into disease stage groups according to the Eighth Edition of the American Joint Committee on Cancer tumour, node, metastasis classification system.[@R36] The degree of detail in this staging system is not always available in the SEER-Medicare database, particularly for patients diagnosed in the earlier years of the study. We developed an algorithm to categorise each patient into the appropriate disease stage based on a number of variables. These variables included previous versions of the AJCC stage groupings, T and N stage definitions, and variables documenting the extent of disease. Although the variable names differed for these two time periods, the same process was used for patients diagnosed in 2002--2003 and for the years 2004--2008 with the latter period corresponding to the collaborative staging system currently in use. It is important to note that the degree of detail corresponding to disease stage (eg, IIIA, IIIB) is not required as surveillance guidelines follow broad stage groupings (eg, I, II, III). However, having more detailed stage information will allow us to examine heterogeneity of effect estimates within stage.

Treatment status {#s2d}
----------------

In order to minimise potential sources of bias, we must correctly classify receipt of treatment within accepted standards of time. This is necessary to limit variability in the amount of time from diagnosis to completion of treatment. As patients are required to live 1 year following the completion of treatment, it is necessary to reduce variability in this time period for reasons of immortal time bias as described above. This will be achieved by requiring that CRC cases who received a particular therapy do so within accepted time frames. For example, for patients with colon cancer, as defined in other studies,[@R37] receipt of surgery ≤90 days of diagnosis will be considered as receiving cancer-directed surgery (required for study inclusion). Receipt of chemotherapy will be recorded as positive if it occurred within 120 days of the surgery date. Patients who received chemotherapy \>120 days following surgery but ≤1 year of diagnosis date will be excluded. Receipt of chemotherapy \>1 year following diagnosis will be considered as treatment for disease progression/recurrence and will not be used to define the final treatment date.

For patients with rectal cancer, those who received neoadjuvant radiation (±chemotherapy) ≤90 days following diagnosis will be considered as having received this therapy. As there is evidence that a longer interval between neoadjuvant radiation and surgery may promote more complete pathological response,[@R39] patients who receive surgery ≤150 days following the completion of radiotherapy will be retained in the study. Last, patients will be considered as having received adjuvant chemotherapy if they do so within 120 days of surgery.

Based on our previous studies,[@R40] the proportion of patients with CRC who received a particular therapy outside of the recommended time frames described above is expected to be very small.

SEER-Medicare data files {#s2e}
------------------------

The following files from the National Cancer Institute's SEER-Medicare linked database will be used to conduct this study: Patient Entitlement and Diagnosis Summary Files (PEDSF), Medicare Provider Analysis and Review (MEDPAR), carrier claims, outpatient claims, Durable Medical Equipment (DME) and hospice. There are redundancies in the type of information that can be obtained from each file type, and this will be leveraged to ensure completeness/accuracy of data.

As noted in the PEDSF documentation, 'The PEDSF file contains one record per person for individuals in the SEER Program data base who have been matched with Medicare enrolment records.'[@R42] This file contains information on Medicare eligibility/enrolment and demographic, cancer-related, and treatment-related (surgery, radiation) information. This file will be considered the 'master' file on which relevant information from the other file types will be added. The MEDPAR file contains claims information resulting from inpatient admissions to hospitals and skilled nursing facilities. This information will be used to obtain data on type of treatment (eg, surgery) and relevant surveillance information (eg, colonoscopy). Treatment-related and post-treatment surveillance testing information will be obtained from the carrier claims file which includes claims from a variety of provider types and specialties. Claims from the outpatient file include billed procedures from outpatient providers including institutional and hospital-based outpatient departments. Similar to the carrier claims files, treatment and surveillance testing information will be obtained from this data file. Claims information from the DME file include diagnoses, procedures and oral equivalents of intravenous chemotherapy. As patients who begin receiving hospice care are terminal, it is no longer appropriate for them to undergo surveillance testing. It is important to identify these patients (via the hospice file) and classify their surveillance experience prior to receiving hospice care. Information on other diagnoses in the 12 months preceding the cancer diagnosis will be used for comorbidity assessment.[@R43] This information will be obtained from MEDPAR, carrier claims and outpatient files.

Obtaining specific dates for diagnosis and procedures related to treatment and surveillance testing is an important component in this study. For example, although the PEDSF file contains the month/year of diagnosis, the day is missing. In order to obtain diagnosis date, we will select the earliest date corresponding to CRC diagnosis codes in the MEDPAR, carrier claims and outpatient files. If this date matches the year/month designated in PEDSF, this date will be designated as the diagnosis date. If the month/year of the earliest date corresponding to CRC diagnosis from the aforementioned data files does not match the month/year of diagnosis in PEDSF, the diagnosis date will be considered as the 15th of month of the given month/year diagnosis in PEDSF. In addition, obtaining the final date of treatment is necessary as this is the time point from which patients are required to live 1 year for study eligibility. This information can be obtained from the files above by searching the claims data for treatment procedures corresponding to ICD-9 (International Classification of Diseases, Ninth Revision) diagnosis codes for CRC (153.0, 153.1, 153.2, 153.3, 153.4, 153.7, 153.8, 153.9, 154.1). In this manner, relevant cancer-related procedures with dates can be obtained from the claims data.

There are a number of authors which have provided comprehensive lists of ICD-9, Current Procedural Terminology (CPT), Healthcare Common Procedure Coding System (HCPCS) diagnostic/procedure codes for CRC diagnosis and treatment[@R44] as well as chemotherapy/radiotherapy codes for all cancers.[@R45] The relevant codes that will be used to capture surveillance information are: physical examination (CPT: 99 201--99 205, 99 211--99 215, 99 241--99 245), CEA (CPT: 82378), colonoscopy (ICD-9: 45.23, 45.25; CPT: 44 388--44 394, 44 397, 45 355, 45 378--45 393, 45 398; HCPCS: G0105, G0121) and CT scans (ICD-9: 87.41, 88.01, 88.38; CPT: 71 250, 71 260, 71 270, 71 275, 74 150, 74 160, 74 170, 74 175--74 178, 72 191--72 194).

Exposure assessment: adherence to NCCN surveillance guidelines {#s2f}
--------------------------------------------------------------

Current NCCN surveillance guidelines for stages I--III patients with CRC are shown in [table 1](#T1){ref-type="table"}. There are some additional nuances to the guidelines; [table 1](#T1){ref-type="table"} is a simplified version. For example, if advanced adenoma (villous polyp, polyp \>1 cm or high-grade dysplasia) is detected on colonoscopy, repeat colonoscopy is recommend in the next year. However, as we will not have the ability to detect the presence of advanced adenoma via claims data, 1-year repeat colonoscopy will not be considered in determining guideline adherence. For CRC survivors in our study, patients who meet the minimum testing schedule in each year following the completion of treatment will be considered adherent.

###### 

NCCN surveillance guidelines

  ---------------- -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Colon cancer     
   Stage I         Colonoscopy at 1 year with repeat colonoscopy at 3 years and every 5 years thereafter.
   Stages II/III   History and physical examination every 3--6 months for 2 years and every 6 months for a total of 5 years. CEA testing is recommended at baseline and corresponding to the frequency of history and physical examination. Colonoscopy is recommended approximately 1 year after resection, at 3 years and every 5 years thereafter. Chest, abdominal and pelvic CT scans are recommended every 6--12 months up to 5 years.
  Rectal cancer    
   Stage I         Colonoscopy at 1 year with repeat colonoscopy at 3 years and every 5 years thereafter.
   Stages II/III   History and physical examination every 3--6 months for 2 years and every 6 months for a total of 5 years. CEA testing is recommended at baseline and corresponding to the frequency of history and physical examination. Colonoscopy is recommended approximately 1 year after resection, at 3 years and every 5 years thereafter. Chest, abdominal and pelvic CT scans are recommended every 6--12 months for up to 5 years.
  ---------------- -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

CEA, carcinoembryonic antigen; NCCN, National Comprehensive Cancer Network.

The assessment of adherence to surveillance guidelines begins from the last date of treatment (ie, the date of surgery or the end of adjuvant chemotherapy treatment) until: (1) the patient dies of a non-cancer-related death, (2) 6 months prior to a cancer-related death, (3) the patient begins receiving hospice treatment, (4) the last date of continuous enrolment in Medicare parts A and B or (5) 5 years follow-up from final treatment date. We are excluding the 6 months before a patient's cancer-related death because it is likely that the clinical team will know the cancer has returned and surveillance will no longer be appropriate.

To obtain a nuanced understanding of the relationship between adherence and survival, we will classify CRC survivors according to adherence status in a number of ways. Consistent with NCCN surveillance guidelines, each CRC survivor will be categorised according to adherence status in each year of survival following the completion of treatment. Thus, for each year of follow-up, we will expand on the classification adopted by Mollica *et al*[@R33] and classify participants as adherent, mostly adherent (non-adherent for one recommended surveillance test), partially adherent (non-adherent for two tests) and poorly adherent (non-adherent for ≥3 tests) in each year of follow-up. Based on their yearly classification, patients will be given an overall designation as adherent/mostly adherent (either adherent/mostly adherent for all years of follow-up), partially adherent (contains 1 or more years designated as partially adherent) and poorly adherent (contains 1 or more years designated as poorly adherent). This classification will allow us to test the relationship between the frequency of surveillance testing and survival. Furthermore, we will use a similar methodology to classify study participants as more versus less adherent for specific tests (eg, CEA, CT) in the overall follow-up period. The above description applies to patients with stages II/III CRC who are required to undergo multiple surveillance tests each year. For stage I patients, a similar methodology will be used such that patients are classified according to adherence status based on the timing of colonoscopy following cancer-directed surgery: year 1 (adherent), year 2 (mostly adherent), year 3 (partially adherent), no colonoscopy in years 1--3 (poorly adherent).

Primary and secondary exposure--outcome relationships {#s2g}
-----------------------------------------------------

Our primary exposure--outcome relationship is to assess the association between levels of surveillance testing (adherent/mostly adherent vs partially and poorly adherent) with both CSS and OS. Our secondary exposure--outcome relationship is to assess the association between patients' sociodemographic and clinical characteristics with the likelihood of being adherent/mostly adherent.

Statistical analysis {#s2h}
--------------------

Descriptive analyses comparing demographic, tumour-related and treatment-related data for CRC survivors according to overall adherence status (adherent/mostly adherent, partially adherent, poorly adherent) with surveillance guidelines will be conducted. Differences in categorical variables between the three surveillance categories will be assessed by χ^2^ statistics. Differences in continuous variables will be assessed by analysis of variance or appropriate non-parametric techniques.

Binomial regression will be used to obtain absolute and relative measures for the likelihood of being adherent/mostly adherent according to patients' characteristics. Analytical models will be run separately based on tumour site (colon/rectum) and uniformity of surveillance recommendations (eg, stages I, II/III). Based on our past research on receipt of CRC treatment,[@R40] the association of sociodemographic and clinical variables including age at diagnosis, year of diagnosis, race/ethnicity, gender, marital status, urban--rural status, census tract poverty level, dual Medicare/Medicaid eligibility, disease stage (stage III vs stage II), tumour grade and tumour location (proximal vs distal) with adherence to surveillance testing guidelines will be evaluated.

We will use survival models (eg, Cox, parametric) to obtain HRs for the relative risk of cancer-specific and all-cause mortality according to the three categories of surveillance. We will also explore the relationship between adherence to specific surveillance tests and survival. All survival models will be explored to present the most clear information regarding the relationship between surveillance and both CSS and OS. In conducting the described survival analyses, we will use both propensity score (adherent/mostly adherent vs poorly/non-adherent) and multivariable methods to assess the impact of potential confounders on effect estimates for surveillance guidelines. As noted above for the binomial models, statistical adjustment for the potential confounding effect of the aforementioned sociodemographic and clinical variables will be accounted for in statistical models.

CRC cases with missing values for relevant independent variables will be coded as missing. We will conduct a sensitivity analysis whereby we compare results for our primary analysis where cases with missing values are excluded versus retained in survival models.

Appropriate comparisons for the assessment of surveillance with survival {#s2i}
------------------------------------------------------------------------

For the survival analyses described above, it is necessary to construct similar comparison groups to minimise the potential for biased estimates. In constructing the appropriate comparison groups, as was described for the aforementioned binomial models, separate survival models will be analysed according to tumour typography (colon/rectum), surveillance guidelines and treatment received. For example, as the surveillance guidelines are the same, we will combine patients with colon cancer with stages II/III disease who received both surgery and adjuvant chemotherapy as treatment. This will ensure that the time from diagnosis to study baseline (1 year following treatment completion) will be approximately the same given the requirements for receiving treatment within specified time periods as described earlier. In this model, adjusted for potential confounders, disease stage would also be a predictive and possibly a modifying variable for the impact of adherence to surveillance guidelines on survival. Stage I patients will be analysed separately as they are only required to receive colonoscopy to be adherent with guidelines.

Conclusion {#s3}
==========

This study will produce new knowledge for a highly important clinical question---does CRC surveillance testing improve both CSS and OS for patients in the post-treatment phase of care? If our hypothesis is correct (greater adherence to surveillance guidelines improves both CSS and OS), this will inform the practice of evidence-based medicine and help ensure that patients with CRC are receiving proper cancer surveillance testing. This change in practice will result in improved CRC survivorship care, elimination of disparities due to variation in practice, better quality/quantity of life and improved clinical outcomes on a population level to continue the declining mortality rate associated with CRC.
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